RESEARCH GOALS
The goal of this research was to assess outcomes of the Ontario On-line Research Co-op course, by showing whether this course:
1. leads to a conceptual change in the understanding of the nature of science (recognizing the goal of science as the construction of ever-deeper explanations of the natural world)
2. leads to a significant increase in academic student achievement in science;
3. helps students to establish a concept of scientific standards close to that of their mentors, and 4. enables to foster students' scientific investigation skills.
PARTICIPANTS
In total, four Ontario schools participated in the Ontario On-line Research Co-op Program during the 2013/2014 school year. In this report, we present data collected at Earl Haig Secondary School, where the On-line Research Co-op Program was conducted during the period of October 2013 -January 2014.
Earl Haig Secondary School serves a diverse population and it is recognized for its academic focus, enthusiasm for learning, lively school spirit, and commitment to the arts. The school's large size (2,200 students) and professional staff ensures a wide variety of curricular and extra-curricular opportunities for students as well as developing leadership skills.
Participants were sixteen and seventeen year-old students from Grade 11 and 12 classes. For comparability, two groups of participants have been created:
• experimental group (participating in the program) consisting of ten boys and three girls; ten students were in Grade 11 and three in Grade 12.
• comparison group (not participating in the program) consisting of 16 boys and five girls; 18 students were in Grade 11 and three in Grade 12. The two groups were equivalent in terms of the socio-economic level. All students were informed of the goals of the research study and participated voluntarily.
Students from the experimental group were matched with three mentoring scientists in computer science (please see Appendix A for mentors' biographies and areas of specialization).
Scientists were involved in the course at different degree, with one scientist playing a major role and two others intervening mostly at the end of the course.
With respect to the goals presented earlier, four assessments were conducted targeting:
• student understanding of the nature of science • student academic achievement • student concept of scientific standards • scientific investigation skills Since the assessments were conducted at different moments of the four-month period, student absences occurred. In the analyses presented below, we report data only for those students who were present at school during the assessment days.
ASSESSMENT 1: UNDERSTANDING THE NA-TURE OF SCIENCE Method
In order to evaluate the conceptual change in scientific literacy, an adapted version of the Nature of Science Interview (Smith et al., 2000) was used. This interview consisted of explicit questions about the goals of science, the nature of experiments and change processes (see Appendix B). Previous research shows that this tool proves to be a reliable tool for assessing student scientific literacy levels (Smith and Wenk, 2006; Chuy et al., 2010) .
This assessment was administered twice to students: before and after the On-line Research Co-op Program (pre-test in October 2013, and post-test in January 2014). There were 23 questions in total. Each student answer was given a score ranging from 1 to 3 according to three levels of epistemological understanding (as explained in Carey and Smith, 1993):
• Level 1 -Student considers scientific knowledge as a simple collection of facts with no clear differentiation between theories, hypotheses and experimental results.
• Level 2 -Student no longer perceives scientific knowledge as a collection of facts but of tested ideas. Ideas are clearly differentiated from experimentation, and there is an emergent awareness of the role of the explanations in scientific progress. However, there is still no clear understanding of the role of theory in framing research.
• Level 3 -Student recognizes goals of science as the construction of ever-deeper explanations of the natural world. Theories not only explain phenomena but also predict them, guiding various phases of scientific inquiry.
About a quarter of the answers were scored by two raters (the author and her colleague) with 84% of the inter-rater agreement. The remaining threequarters were individually coded by the author of the report. If the raters hesitated between the two levels, an intermediate level could be allocated (e.g., 1.5 or 2.5). For the mutually coded set of answers (a quarter of the full set), the average of the scores obtained by the two raters was used for further analysis. Finally, for each student, a total of 23 scores (derived from 23 questions) was averaged to obtain a mean score indicating the general scientific literacy level.
Results
A one-way analysis of covariance (ANCOVA) was conducted on the post-test scores, with Group as an independent variable (experimental vs. comparison) and pre-test scores as a covariate. There was a significant effect of the Online Research Co-op Program on the post-test scores after controlling for the effect of the pre-test scores, F(1,22) = 14.66, p < .01. Students pursuing the Online Research Co-op Program demonstrated significantly higher scientific literacy levels than those of the comparison class (adjusted means were 1.96 and 1.75 respectively). As assessed by a partial η 2 , the Group factor accounted for 40% percent of the variance in the post-test scores, holding constant the pre-test scores.
In order to identify which areas of the student understanding were affected by the program, a Wilcoxon signed-rank test was conducted for each question, comparing pre-and post-test scores in the experimental group. The Wilcoxon test showed that a four-month program provoked a positive change in student understanding for six out of 23 questions. Two questions showed a significant increase in student scores and four questions a marginal increase:
• Below are examples of students' answers attesting of the Level 2 understanding:
• "Scientists ask questions such as 'How does this work?' or 'Why does it happen?' Questions that dig deeper into the topic that they are researching" • "Scientists decide on the experiments to do based on the question posed in their hypothesis. Usually, multiple experiments are done to ensure that a proper answer is achieved and that it is not biased towards what the scientist wants to happen." • "Theory is an explanation of facts and events with enough evidence and logic reasoning to back it up." • "After scientists have done a test, they eitherconfirm that their idea holds true or not. They can develop new angles on their ideas and extend it to other ideas." • "Scientists could change their whole theories if facts and observations prove them wrong".
However, for the majority of students, there was still no clear understanding of the role of theory in framing research and no awareness of the uncertainty of scientific knowledge (expert Level 3, as defined by Carey and Smith, 1993) . Students judged theories as "wrong" or "right" rather than seeing them as "more or less useful" frameworks for explanation of certain phenomena. Therefore, further efforts should be made in order to bring students to a higher level of epistemological views of science.
ASSESSMENT 2: STUDENT ACADEMIC ACHIEVE-MENT Method
The main focus of the On-line Research Co-op Program at Earl Haig Secondary School was on Computer Science (all mentoring scientists involved in the course were experts in this area). Therefore, in order to measure academic progress, student marks from the Computer Science (University) course have been collected. It was expected that participation in the Program would positively affect student academic achievement. In order to test this hypothesis, student marks from two terms were collected: before and after the end of the program.
Results
A one-way analysis of covariance (ANCOVA) was conducted on the post-test marks. The independent variable was Group (experimental vs. comparison) and the covariate was pre-test marks. The ANCOVA was significant, F(1,28) = 6.64, p = .02. The strength of the relationship between the Program and the post-test marks was moderate, as assessed by η2, with factor Group accounting for 19% of the variance in the dependent measure (while controlling for the effect of the pre-test marks). Students pursuing the Online Research Co-op Program demonstrated significantly higher marks in Computer Science course than those of the comparison class (adjusted means were 88% and 84% respectively). Thus, the program had a positive effect on student academic achievement.
ASSESSMENT 3: SCIENTIFIC STANDARDS Method
It was expected that student-mentor dialogue would help students establish a concept of scientific standards (possibly close to those held by their mentor). In order to test this hypothesis, "Normative criteria for scientific publication" questionnaire was used (Chase, 1970 ; see Appendix C). This questionnaire included ten criteria:
• applicability to "practical" or applied problems in the field, • clarity and conciseness of writing style, • compatibility with generally accepted disciplinary ethics, • coverage of significant existing literature, • logical rigor, • mathematical precision, • pertinence to current research in the discipline, • replicability of research techniques, • theoretical significance, • originality. Participants were asked to judge whether each of the criteria were "essential", "very important but not essential", "somewhat important", or "not very or not at all important" for research and scientific publication. The questionnaire was administered at the end of the Program to both groups of participants, as well as to the main mentor of the experimental group.
Results
A one-sample Wilcoxon signed-rank test was used to compare student and mentor ratings for each group (experimental and comparison). Analysis of results show that students from the comparison group underestimated importance of seven out of ten scientific criteria, when compared to the mentor ratings:
• Applicability to "practical" or applied problems in the field (z = -3.32, p < .01), • Clarity and conciseness of writing style (z = -2.23, p = .03), • Compatibility with generally accepted disciplinary ethics (z = -3.11, p < .01), • Coverage of significant existing literature (z = -3.72, p < .001), • Logical rigor (z = -3.02, p < .01), • Replicability of research techniques (z = -3.28, p < .01), Originality (z = -3.13, p < .01).
Unlike the comparison group, students form the experimental group showed rating close to that of their mentor with only three criteria being underestimated:
• Applicability to "practical" or applied problems in the field (z = -2.27, p = .02), • Compatibility with generally accepted disciplinary ethics (z = -2.23, p = .03), • Coverage of significant existing literature (z = -2.64, p < .01). These preliminary results give us an indication that the On-line Research Co-op Program helped reduce the gap between student and mentor standards on research and scientific publication. An additional analysis of pre-test ratings would need to be conducted to validate this statement.
ASSESSMENT 4: SCIENTIFIC INVESTIGATION SKILLS
(Tieback connections of student written work to science curricula)
Method
The On-line Research Co-op Course allowed students to discuss topics and concepts that often remain out of scope of a traditional classroom. Thus, it was expected that the program would foster students' scientific investigation skills, as described in the Ontario Science Curriculum for Grade 12, University/College preparation (Ontario Ministry of Education, 2008). In order to see which skills were covered by the program, curriculum content was matched against students' written work produced as part of the program. This work represented either a study proposal or research topic review in the domain of parallel computing. Based on the Curriculum, four areas of skills were examined: (1) initiating and planning, (2) performing and recording, (3) analyzing and interpreting and (4) communicating (see Appendix D). Matching analysis was performed by the author of the report. Table 1 presents a summary of results for students pursuing the On-line Research Co-op Course.
Results
Analysis of student written work shows that:
• In the area of initiating and planning, four out of five sets of investigation skills were covered in student writings,
• In the area of performing and recording, all sets of investigation skills were demonstrated in student writings, • In the area of analyzing and interpreting, all sets of investigation skills were demonstrated in student writings, • In the area of communicating, two out of three sets of investigation skills were exhibited in student writings. In total, 11 out of 13 categories were covered by students, with the percentages ranging from 38% to 100%. The two uncovered sets of skills concerned the application of safe laboratory practices (A 1.4.), and the expression of results (A 1.13; see Appendix D for the full description of skills).
It is important to note that student work was matched against the Grade 12 Science Curriculum (University/College preparation), while three-quarters of students pursuing the program were still in Grade 11. Thus, it can be concluded that the On-line Research Co-op Program allowed students to go beyond their Grade level, allowing them to foster their scientific investigation skills in a new context.
Conclusion
The goal of this research was to assess outcomes of the Ontario On-line Research Co-op course. In order to do this, two groups of students were created: experimental class (participating in the program) and comparison group (not participating in the program). Both groups belonged to the same school. The first assessment showed that students from the experimental class demonstrated significantly higher scientific literacy levels than those of the comparison class (after controlling for the effect of the pre-test understanding level). The program improved student understanding in the areas related to the nature of scientific questions, experiment planning, notion of theory, and change processes occurring during the idea and theory development. The second assessment showed a positive relationship between the Program and student marks in the Computer Science (University) course: students from the experimental group obtained significantly higher marks than those of the comparison class (after controlling for the effect of the pre-test achievement level). The third assessment indicated that the program may help closing the gap between student and mentor scientific Before concluding, limitations of this study have to be discussed. First of all, the number of students participating in the program were quite low to allow for accurate statistical analyses. Thus, it is important to take precaution while considering conclusions of this study and increase the number of participants in the future research. Second, there were no pretest data available for the third assessment (scientific standards). Without this type of data, no definite conclusions can be made on the evolution of scientific standards in the experimental group. Finally, results of the fourth assessment involving curriculum analysis would need to be validated by a second rater (with an acceptable level of inter-rater agreement).
Despite the limitations, results of this study are quite encouraging considering the short time-span of the program. Indeed, four-month period is usually too short to produce a significant conceptual change in student understanding. Overall, this research should add to further development of this pilot project. 
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